Aim: Biotic interactions can determine rarity and commonness of species, however evidence 13 that rare and common species respond differently to biotic stress is scarce. This is because 14 biotic interactions are notoriously context-dependent and traits leading to success in one 15 habitat might be costly or unimportant in another. We aim to identify plant characteristics that 16 are related to biotic interactions and may drive patterns of rarity and commonness, taking 17 environmental context into account. 18 Location: Switzerland 19 Methods: In a multi-species experiment, we compared the response to biotic interactions of 20 19 rare and 21 widespread congeneric plant species in Switzerland, while also accounting for 21 variation in environmental conditions of the species´ origin.
Results:
Our results restrict the long-standing hypothesis that widespread species are superior Introduction 39 Understanding why some species are rare while others are widespread or invasive remains a 40 fascinating question in ecology spanning decades (Baker, 1965; Gaston, 1994) . To identify the 41 factors which cause species to be more or less successful than others, in plants, studies many widespread and rare species while accounting for variation in environmental and To test whether rare and widespread plant species respond differently to biotic interactions, we 122 originally selected 52 plant species from a wide range of different habitats. These species differ 123 on the one hand in their degree of regional rarity and endangerment in Switzerland and on the 124 other hand, in the resource availability of the habitat they typically occupy. We classified 27 125 6 plant species as 'rare' and 25 plant species as 'widespread' a priori. Rare species were listed as 126 near-threatened, vulnerable, endangered or critically endangered according to the Red list for 127 Switzerland (Moser, Gygax, Bäumler, Wyler, & Palese, 2002) . Widespread species were listed 128 as being of least concern except for three species, which were listed as near-threatened, but 129 which had a relatively large range size (and particularly larger than their rare congeneric partner, 130 Table 1 ). We calculated the range size of these species as the number of 10 x 10 km grid cells 131 occupied in Switzerland and found that rare species had 94% smaller range sizes than 132 widespread species (F1,38 = 82; P < 0.0001, analysis done on the final selection of species). 133 Next, to control for phylogenetic and habitat effects, we grouped rare and widespread species, 134 so that groups contained at least one rare and one widespread species from the same genus or 135 plant family and from the same habitat, resulting in 21 groups. Five species did not germinate 136 in sufficient numbers and were excluded together with their congeneric partner from the 137 analysis, ending up with 21 common and 19 rare species, forming 18 groups (Table 1) . To 138 ensure that the differences we report here are due to regional rarity and not local plant 139 abundance, for both the rare and the widespread species, we selected some species that usually 140 reach high abundances at a local scale, and some species that usually occur in low abundances 141 at the place where they occur ("dominance in situ" from the Flora Indicativa, Landolt et 142 al.(2010), values of our species range from 1-4, with 1 = scattered, 2 = scattered or in small 143 groups, 3 = in larger groups, 4 = in larger stands, Table 1 ).
144
The habitats of our selected species differed mainly in their soil moisture and nutrient 145 availability. Thus, to describe the position of the realized niche optima of our species along a 146 resource gradient, we used the ecological indicator values for nutrients and moisture after were correlated (r = 0.33, P = 0.017). To avoid collinearity but maintain full environmental 151 7 space, we calculated a principal component analysis, and used the scores of the first axis for 152 further analysis, hereafter named resource indicator value (explained variance = 72%, values 153 ranged from -1.89 to 2.19 with high values indicating that species originate from wet and 154 nutrient rich habitats, Fig. S1 , Table 1 ). Rare and widespread plant species did not differ in their 155 resource indicator value (F1,38 = 0.504, P = 0.48). Seeds of rare plant species were collected in 156 the wild (seeds of one population per species of at least 10 mother plants), seeds of widespread 157 plant species were either collected in the wild (seeds of one population per species of at least 158 10 mother plants) or obtained from commercial seed suppliers.
159

Experimental design 160
In spring 2013 we sowed seeds of our species in trays. After germination we transplanted 40 161 seedlings per species individually into 1.3 l pots filled with mixed soil containing 20% compost, 162 20% agricultural field soil from Swiss Plateau region, 20% wood fibre, and 40% peat. Pots were 163 then placed outside in a common garden at Muri bei Bern (46.9351° N, 7.4985° E, Switzerland).
164
To test whether the species respond differently to biotic interactions at different levels of 165 resources, we applied a fully factorial experiment, including a competition treatment, a clipping 166 treatment to simulate herbivory and to test for regrowth capacity, and a fertilizer treatment to 167 change resource supply experimentally. This allowed us to test how the response to competition 168 and simulated herbivory changes with increasing resource supply and whether these responses 169 differed between widespread and rare species. We applied all possible combinations of these 170 treatments (40 species x 8 treatments x 5 replicates = 1600 plants), however, for some species 171 we did not always have 5 replicates per treatment or could not perform all treatment 172 combinations (1351 plants in total, Supporting Table S1 ). Pots were then distributed among 5 173 blocks (one replicate per species and treatment per block) and pots receiving the same 174 treatments were grouped together to facilitate the applications of the treatments. To simulate competition, we sowed 1g of a common grass species, Lolium perenne, in pots of 176 the competition treatment 5 weeks after transplanting seedlings. Competition with L. perenne 177 may not reflect competition against all natural competitors of our rare and widespread species, 178 however, we wanted to have the same competitor for all species to be able to compare the 179 results, and choose L. perenne as it is likely to not co-occur with any of our species. At the same 180 time, to simulate herbivory we removed ca. 50% of the leaf biomass of the target plants by Table S3 ). Grasses or annuals may respond differently to competition or clipping than 198 herbaceous or perennial plants. To account for this, we included functional group (grass, herb) 199 and lifeform (not perennial, perennial) in our model and all possible interactions, except higher-200 9 order interactions that involve status, resource indicator value, functional group or lifeform 201 which we had to remove, because we had too few grasses and annuals in our study to test for 202 these interactions. 203 We also tested whether the effect of our plants on the biomass of the competitor L. perenne 204 depended on rarity, resource origin, clipping or fertilizer, and used aboveground biomass (log- 
211
In the model for the biomass of the competitor L. perenne we either included or excluded the 212 final biomass of the target species as a covariable. In all models we included species (40 levels) 213 nested into groups (18 levels, congeneric or confamilar, Table 1 ) and plant family (12 levels), 214 and block (five levels) as random terms. We simplified the best model (but kept the main factors 215 status, resource indicator value, clipping, competition and fertilization in the models) and 216 derived significances using likelihood-ratio tests comparing models with and without the factor 217 of interest.
219
Results
220
Overall, rare plant species had a lower biomass than widespread plant species (Fig. 2 Chi 2 =82.22, P < 0.0001), whereas fertilization alone had no effect on plant biomass (Table S2) . 224 In general, common and rare plant species did not differ in their response to competition (no Table S2 ).
228
Grasses and herbs and annual and perennial species did not differ in their aboveground biomass 229 (Functional Group and Lifeform not significant, Table S2 ). However, annual plants were less 230 affected by competition than perennial plants (Competition x Lifeform interaction: Chi 2 = 5.25, 231 P=0.022, Table S2 ). Resource indicator interaction: Chi 2 = 9.03, P= 0.003, Table S2 ). In contrast, for plants with a 239 low resource indicator value, i.e. plants originating from nutrient poor and dry habitats, 240 common and rare species did not differ in their response to competition. (Fig. S3 ). This indicates that 252 plants from resource rich origins are the ones that can better tolerate biomass loss under high 253 nutrient conditions, potentially due to their better ability to monopolize belowground resources 254 for regrowth. However, this pattern might also arise because our unclipped plants could not 255 profit from fertilization, potentially because they were already pot-bound. We would thus 256 interpret the finding that species from resource rich habitats are better able to tolerate herbivory 257 under high nutrient conditions with caution.
258
The biomass of the competitor Lolium perenne was higher when it was growing with rare plant 259 species compared to common plant species, indicating that common species had a stronger 260 competitive effect on L. perenne (Status: Chi 2 = 4.95, P = 0.026, Table S3 , Fig 2) . When we Table S3 ). In both models, the biomass of L. perenne was lower when neighbouring plants had Table S3 , Fig. 2 ). This might indicate that for L. perenne, belowground competition 270 with species from resource poor habitats is stronger than with species from the resource rich 271 end.
272
Overall, percentage of herbivore damage was not affected by competition and fertilization, and 273 was reduced when plants were clipped (Table S4 ). Herbivore damage did not differ between evidence that rare and widespread species respond differently particularly to antagonistic biotic 286 interactions is still scarce and often controversial, potentially because the importance of certain 287 plant characteristics for a plant´ success is context dependent. In our multi-species experiment, 288 using 40 plant species differing in regional rarity and originating from contrasting habitats, we 289 show that taking into account phylogenetic and environmental context dependency is crucial 290 when comparing widespread and rare or invasive and non-invasive species.
291
Competitive ability, rarity and resource origin 292 Although the importance of interspecific competition along a resource gradient has long been 293 debated (Grace, 1991; Grime, 1979; Tilman, 1988) , it seems obvious that plant characteristics 294 leading to success in resource rich habitats differ from those leading to success in resource 295 limited habitats. This is because resources for which species are competing differ, mainly light 296 in nutrient rich and moist habitats and nutrients and water in nutrient limited and dry habitats this effect disappeared when they corrected for the fact that most rare species originated from 308 resource poor and most common species from resource rich habitats.
309
In our experiment, using 40 plant species differing in regional rarity and originating from a 310 wide range of habitats, we show that widspread species suffered less from competition than rare 311 species, but only when both widespread and rare species originated from nutrient rich and moist 312 habitats. Instead, when species originated from more nutrient limited and drier habitats, 313 widespread and rare species were similarly affected by competition. At least for species 314 originating from habitats where aboveground competition for light is usually strong our results 315 support the long-standing hypothesis that common species are competitively superior compared 316 to rare species (Griggs, 1940) . It is thus likely that a higher competitive ability in these habitats 317 have helped them to expand their ranges and to become common, and that competition could 318 potentially set range limits in abiotically less stressful conditions.
319
For species from resource poor and dry habitats, a high ability to tolerate low levels of nutrients 320 and water rather than a high competitive ability for light is important. In our experiment, 321 fertilization surprisingly did not have a consistent positive effect, indicating that nutrients were 322 not limited. Thus, we cannot test whether widespread species from resource-limited habitats although variation in these attributes differ greatly between species, they have rarely been 355 related to large-scale rarity. 356 We did not find that widespread and rare species respond differently to experimentally 357 simulated herbivory, and thus that tolerance is related to large scale patterns of plant rarity.
358
Also, whether a species originated from resource poor or rich habitats did not generally affect 359 its regrowth capacity, although there was an interaction of fertilization, clipping and resource 360 indicator value. This showed that fertilization could alleviate the negative effects of clipping, 361 but only for those plants that originated from nutrient rich and moist habitats (Fig. S3 ). levels reduce the amount of roots relative to shoots, which in turn reduces regrowth capacity.
372
Species with effective nutrient retention and a large root system, which are often found in 373 resource poor environments, should thus be more tolerant. Since we found no relationship 374 between plant tolerance and the position of our species along a resource axis, it is likely that 375 particularly under nutrient rich conditions as we had in our experiment, both strategies -rapid 376 rates of nutrient uptake and a large root system -led to high levels of plant tolerance. In 377 conclusion, our study indicates that plant tolerance alone does not seem to be related to large-378 scale plant rarity and commonness when species habitat characteristics are taken into account, 379 likely because tolerance together with resistance are both strategies for plants to cope with 380 herbivory.
381
Only few studies tested whether widespread or rare plants differ in their resistance to herbivores 382 or other plant enemies. Landa & Rabinowitz (1983) found that a common grasshopper preferred 383 rare species over more apparent and widespread grass species (7 species), Fiedler (1987) found 384 that rare species are more prone to leaf grazing (4 species), supporting the idea that apparent 385 plants are more defended. Similarly, Kempel et al. (2018) showed that rare plant species were 386 more susceptible to soil biota than widespread species (19 species), indicating that defences are 387 lower in rarer species.
388
In our study, we found no evidence that rare species are more susceptible to ambient leaf 389 herbivory, and thus that they are less defended than widespread species. Interestingly, however, 
